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doi:10.1016/j.jfma.2011.08.006Background/Purpose: Obstructive sleep apnea (OSA) is a common disorder characterized by
recurrent episodes of a complete or partial collapse of the upper airway during sleep. The
disease is traditionally diagnosed by overnight polysomnography with detection flow limitation
by nasal pressure cannulas. The aim of this study was to evaluate the accuracy of flow (X flow)
from calibrated respiratory inductive plethysmography.
Methods: We studied 60 male and 26 female patients who came to our sleep center in 2007. All
the participants received overnight polysomnography and data were graded blindly and
randomly by two experienced technicians.
Results: Patients with OSA were predominantly male, with higher body mass index, higher
percentage of snorers, and more events of oxygen desaturation and arousal than those without
OSA. There was a good correlation of X flow and flow from nasal pressure cannulas, regardless
of total apneaehypopnea, apnea or hypopnea events. The correlation was especially strong in
severe OSA patients. The sensitivity and specificity to find OSA (apneaehypopnea index 5)
from X flow versus standard polysomnography was 98% and 100%, respectively. Positive predic-
tive value was 100% and negative predictive value was 97%.
Conclusion: X flow could be a good clinical tool to be used instead of flow from nasal pressure
cannulas in OSA patients.
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upper airway collapse that leads to repetitive episodes of
hypoxemia and arousal during sleep.1 The anatomical
factors regarding the widening of the upper airway struc-
ture are important.2 In addition, pharyngeal dilator muscle
activation is directly related to airway narrowing, and
reduces resistance across patients with OSA.3 These
abnormalities could lead to apnea and hypopnea events
during the night.
According to a standard polysomnographic study by the
American Academy of Sleep Medicine (AASM), apnea is
defined as a clear decrease (>50%) from baseline in the
amplitude of a valid measure of breathing during sleep,
lasting at least 10 seconds, and hypopnea is defined as
a clear amplitude reduction of a validated measure of
breathing during sleep (but <50% reduction from baseline)
that is associated with oxygen desaturation of >3%, or
arousal.4 Apnea and hypopnea events are measured by
standard adult nasal pressure cannulas or thermistors.
According to a study from Bloch et al,5 rib cage and
abdominal volume curve can be recorded non-invasively by
calibrated respiratory inductive plethysmography (RIP).
The RIP curve has been shown to estimate airflow in normal
subjects during natural breathing and application of
continuous negative airway pressure.5 In a study of 20
patients with sleep-related breathing disorder, flow derived
from RIP (X flow) has a good correlation with flow from
nasal pressure cannulas.6
In our study, we investigated the clinical correlations of
flow from nasal cannulas and RIP in OSA patients. Further-
more, the clinical sensitivity and specificity of RIP-derived
flow were assessed in the same patients.
Materials and methods
Study subjects
In this cross-sectional study, we enrolled 86 Chinese adult
subjects who came for outpatient service at our Sleep
Center in Hualien Tzu-Chi General Hospital from February
to December 2007. The subjects accepted the complete
study of overnight polysomnography, and none had
received previous continuous positive airway pressure
treatment of OSA. Subjects diagnosed with OSA were
included. The following were excluded: adults who were
diagnosed with narcolepsy, central sleep apnea, or mixed
type obstructive and central sleep apnea, non-Asians,
patients aged <18 years old, and patients who had
chronic pulmonary and heart disease. We obtained
informed consent before the standard polysomnography
study.
Polysomnography
All patients underwent one night of polysomnographic
study (Embla A10; Embla, Broomfield, CO, USA) at the Sleep
Center in Hualien Tzu-Chi General Hospital. Electroen-
cephalography (C3 and C4), electro-oculography, chin and
leg electromyography, and electrocardiography (modified
V2 lead) were included in the polysomnographic study.
Respiration was measured by nasal pressure cannula(135 cm), as well as thoracic and abdominal movements
(respiratory inductive plethysmography; Medcare, Buffalo,
NY, USA), and oxyhemoglobin saturation was measured by
pulse oximetry. Data in the sleep stages were manually
recorded by the international criteria developed by
Rechtschaffen and Kales.7 Acceptable studies with suffi-
cient quality were those carried out within at least 6 hours
of sleep, in which sleep stage and respiratory events were
detected. According to the parameters of the task force of
the AASM,4 apnea was defined as a period of breathing
cessation, and hypopnea as a 50% reduction in breathing, or
a reduction in breathing of <50% associated with 4% desa-
turation of oxyhemoglobin, or arousal. These events had to
last at least 10 seconds. Apneaehypopnea index (AHI) was
defined as the number of episodes of obstructive apnea plus
hypopnea per hour of total sleep time. Subjects who came
to the Sleep Center for sleep study took neither alcoholic
nor caffeinated drinks 2 days before the study. Categories
of OSA were defined according to AHI: AHI < 5, no OSA;
5  AHI < 15, mild OSA; 15  AHI < 30, moderate OSA; and
AHI  30, severe OSA.
RIP-derived flow (X flow)
O2 saturation (SpO2), waveforms from rib cage and
abdomen were all extracted from the polysomnographic
study on the same night. Before the study, RIP was cali-
brated by isovolume method without adjusting relative
gains. X flow was obtained from the time derivative of
summed rib cage plus abdominal volume from RIP. The
definitions of apnea and hypopnea were the same as for
flow from nasal cannulas. The events of apnea and hypo-
pnea from standard polysomnography and X flow were
blindly and randomly interpreted by two experienced pol-
ysomnographers. X flow is a semi-quantitative measure of
inspiratory and expiratory flow derived from measurements
of abdominal and thoracic movements.
Statistical analysis
Statistical analysis was performed using SPSS for Windows
version 10.0 (SPSS, Chicago, IL, USA). Data were tested for
normal distribution by KolmogoroveSmirnov test and for
homogeneity of variances with Levene’s test. Continuous
variables are expressed as mean  standard deviation. One-
way analysis of variance test using the Bonferroni as post
hoc test was used to evaluate events of apnea and hypo-
pnea from nasal cannulas and X flow. All statistical tests
were two-sided, and p < 0.05 was considered to indicate
statistical significance.
Results
We enrolled 86 subjects (60 male, 26 female, aged >18
years old) who visited our Sleep Center in Hualien Tzu-Chi
General Hospital from February to December 2007. Intra-
observer variation of two trained polysomnographers was
<5%. The mean age was 49.9 years for male patients and
51.2 years for females. Patients with OSA were predomi-
nantly male, a greater percentage of them snored, and
they had a higher Epworth sleepiness score, less slow wave
Table 1 Demographic data
Characteristic Non-OSA
(AHI < 5)
OSA
(AHI  5)
p
N 32 54
Age (yr) 46.2  13.4 52.7  15.2 0.048
Sex, male % 53 80 0.008
BMI (kg/m2) 24.7  6.2 28  5.1 0.010
Habitual snorer % 56 94 <0.001
ESS 6.7  4.5 8.8  4.5 0.036
TST (min) 356  42 380.5  43.2 0.012
Sleep efficacy % 84.8  10.3 89  8.1 0.039
S1 % 10.3  4.4 23  18.7 <0.001
S2 % 52.7  14.3 45.2  15.3 0.027
SWS % 20.2  10.9 15.8  8.7 0.040
REM sleep % 16.8  6.8 16  7.3 NS
AHI 1.7  1.5 28.4  18.8 <0.001
Arousal index 9.8  8.3 14.9  11.5 0.030
OD 9.5  9.4 180.9  135.2 <0.001
ODI (/hr) 1.6  1.6 28.4  21.2 <0.001
SpO2 < 90% min 1.9  6.6 27.7  43.1 0.001
Data are shown as mean  SD.
OSA Z obstructive sleep apnea; AHI Z apnea-hypopnea index;
BMI Z body mass index; ESS Z Epworth sleepiness score;
TST Z total sleep time; SWS Z slow wave sleep; REM Z rapid
eye movement; OD Z oxygen desaturation events; ODI Z
oxygen desaturation index; SpO2 Z oxygen saturation.
Figure 2 Correlation between X flow from nasal cannula flow
in total events of apnea. (g Z 0.962).
644 G.-G. Yang et al.sleep, and greater percentage of desaturation at sleep than
non-OSA group (Table 1).
The correlation of total apneaehypopnea events
between X flow and nasal pressure cannulas was close to 1
(r Z 0.92) (Fig. 1). The correlation index was 0.96 in the
apnea events (Fig. 2) and 0.89 in the hypopnea events
(Fig. 3). Data were close to the equality line (45 line) in the
three plots.
The correlation between different severities of OSA is
shown in Table 2. In the four groups of OSA patients,
correlation of apneaehypopnea from X flow and nasalFigure 1 Correlation between X flow from nasal cannula flow
in total events of apnea and hypopnea. (g Z 0.982).cannulas showed more identity in severe OSA (AHI > 30/hr),
and the apnea events was more accurate in severe OSA than
in mild to moderate OSA group. However, the hypopnea
events showed poor correlation in moderate OSA (group 3:
15  AHI < 30).
The sensitivity and specificity to find OSA patients
(AHI > 5/hr) from X flow compared with nasal flow were
98% and 100%, respectively. In the group with moderate to
severe OSA (AHI > 15/hr), the sensitivity and specificity
were 85% and 97%, respectively. Positive predictive value
and negative predictive value were 100% and 97%, respec-
tively, in OSA patients and 97% and 88%, respectively, in
patients with AHI > 15/hr (Table 3).
Discussion
In our study, we demonstrated that the summed flow from
RIP could be as good as flow from nasal cannulas, and the
data were even collected without sleep staging. X flow andFigure 3 Correlation between X flow from nasal cannula flow
in total events of hypopnea. (g Z 0.889).
Table 2 Multiple regression of X flow and flow from nasal
pressure cannulas in different severity of OSA
Group Group 1 Group 2 Group 3 Group 4
N 32 13 21 20
Apneaehypopnea
total events
0.76 0.77 0.72 0.91
Apnea events 0.75 0.79 0.88 0.88
Hypopnea events 0.79 0.78 0.71 0.82
Data are presented as correlation r value.
Group 1: AHI < 5; group 2: 5  AHI < 15; group 3: 15  AHI < 30;
group 4: AHI  30.
AHI Z apneaehypopnea index.
Table 3 Diagnostic efficacy to identify obstructive sleep
apnea from X flow, compared with standard polysomnography
X flow Sensitivity Specificity PPV NPV
OSA (AHI  5) 98 100 100 97
OSA, needed CPAP
therapy (AHI  15)
85 97 97 88
Data are presented as %.
PPV Z positive predictive value; NPV Z negative predictive
value; OSAZ obstructive sleep apnea; AHIZ apneaehypopnea
index.
Respiratory-inductive-plethysmography-derived flow in sleep apnea 645nasal cannulas had a good correlation in our clinical study
using the same criteria.
RIP is a non-invasive tool to measure breathing volume,
and it identifies the time components of the respiratory
cycle when subjects are awake and asleep.8,9 Thurnheer
et al6 have shown that flow from nasal pressure cannulas
and RIP was as good for monitoring as the gold standard
face-mask pneumotachography in 20 patients suspected
of sleep apnea. Although some studies have shown
a decreased relationship between detection of inspiratory
flow limitation from pneumotach or RIP,10 our data suggest
that calibrated RIP provides good information regarding
flow limitation during sleep. According to our criteria of
hypopnea, oxygen saturation is another channel for iden-
tifying flow limitation with desaturation, and it could avoid
some errors due to positional change.
Portable monitors (PMs) have been used in clinics for
more than two decades. Type 4 PMs comprise only channels
including oxygen saturation and nasal flow. However, the
nasal cannula is easily removed by studied subjects during
whole-night study. Therefore, the signal from nasal cannula
is easily missing.11 Nowadays, some PM devices are
designed simply with three channels for oxygen saturation
and waveform from the respiratory effort of the thorax and
abdomen. Our data suggested a good correlation between
inspiration flow limitation from RIP and nasal pressure
cannulas, and it could be a useful clinical tool under
current apnea and hypopnea criteria from the AASM.
However, our data have limitations. We did not study the
difference in AHI on different nights, nor did we provide
information about the difference in inspiratory flow limi-
tation from different devices in PMs and polysomnography.
We need further studies for different correlations. Another
limitation was that we did not have any data on central
sleep apnea during our prospective study. All subjects who
came to our clinic were diagnosed with OSA. A final limi-
tation was that only data from one sleep center were
obtained.
Therefore, we conclude that detection of inspiratory
flow limitation has good linear correlation with current
clinical data from nasal pressure cannulas or RIP. Thesensitivity and specificity for diagnosis of sleep apnea using
X flow were 98% and 100%, respectively, even without sleep
stage scoring, compared with standard polysomnography.
Thus, X flow could be a good screening tool in clinical sleep
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